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1

ARMOURED RESISTOR WITH AN END
SEALING ELEMENT

FIELD OF THE INVENTION

The present invention relates to an armoured resistor with
an end sealing element.

PRIOR ART

Armoured resistors are used 1n household appliances that
come 1n contact with water, such as washing machines, dish-
washers and the like.

These armoured resistors can incorporate safety devices
which, 1f the equipment or any component thereof malfunc-
tions, eliminate the risk of fire thereot. In particular, thermal
fuses can be incorporated, capable of cutting off the power
supply to the resistor when 1t exceeds a predetermined tem-
perature.

These resistors are formed by a resistance wire mserted
coaxially i tube-shaped metal armour and filled with powder
of an electrical msulator, for example magnesium oxide.

Corresponding to each end of the tube-shaped armour there
1s a projecting metal electric pin, suitably 1solated electrically
from the tube-shaped armour, both caps being intended to be
connected to a power supply.

A thermal fuse can be present at one or both of said ends. In
particular the thermal fuse 1s connected electrically and
mechanically by a first conducting wire to said electric pin, in
the portion mside said tube-shaped armour, and 1s connected
clectrically and mechanically by a second conducting wire to
a metallic element, to which, said resistance wire 1s con-
nected.

Corresponding to each end of the armour, suitable seals are
provided between the electric pin and the armour. These seals
have the following functions:

they prevent the magnesium oxide powder escaping from

the resistor and, at the same time, they prevent ingress of
moisture into said resistor,

they keep the electric pin integral with the armour and 1n

particular coaxial with 1t and 1solated electrically from 1t.

The seal 1s generally made with resins, for example epoxy
or polyurethane resins. This necessitates carrying out particu-
larly complicated polymerization processes using special
equipment, requiring a high degree of precision.

For these reasons, the prior art proposes the use of silicone
insulating material with characteristics of water repellence
and of beads of plastic or ceramic for mechanical fixing of the
clectric pin to the armour. With this solution, the bead 1s only
required to have a function of sealing with respect to the
insulating powder, so that it does not escape from the resistor,
whereas 1t 1s no longer also necessary for 1t to have charac-
teristics of sealing against moisture.

The presence of a thermal fuse makes 1t essential to ensure
perfect stability for the electric pin relative to the armour. In
fact, 1n resistors without the thermal fuse the electric pin 1s
blocked by the magnesium oxide. Inresistors in which at least
one electric pin 1s connected electrically to a thermal fuse, the
clectric pin cannot be blocked in the magnesium oxide owing
to the presence of the thermal fuse.

U.S. Pat. No. 7,496,284 describes a method of thermally
deforming a bead, so that 1t seals the end of the resistor.
According to another variant described, 1t 1s envisaged that
the end of the armour 1s deformed around the bead. In accor-
dance with that document, tests demonstrated insufficient
stability of the electric pin, with consequent damage of the
thermal fuse.
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Patent DE19535389 shows a circumierential groove made
in the electric pin for the purpose of improving adhesion
between the electric pin and the bead 1n order to improve the
moisture-prooiness of an armoured resistor. This solution
does not, however, solve the problem of strengthening the
adhesion between electric pin and bead for the purposes of
improving the mechanical strength of the assembly.

SUMMARY OF THE INVENTION

The purpose of the present mvention 1s to provide an
armoured resistor with an end sealing bead that 1s able to
solve the aforementioned problem.

The present invention relates to an armoured resistor with
an end sealing bead.

According to a main aspect of the mnvention, the armoured
resistor comprises at least one thermal fuse connected elec-
trically and mechanically to a metal electric pin having lon-
gitudinal extension. This electric pin, at least 1n a portion
thereol 1n contact with said sealing bead has a surface shape
at least locally asymmetric relative to said longitudinal exten-
s1on, and 1n particular comprises at least one protuberance or
a surface groove arranged obliquely or parallel to said axial
extension and preferably parallel.

It has been found that teeth are always much more effective
than knurling, as teeth offer better interpenetration of the bead
or bushing and the teeth of the electric pin, ensuring better
axial resistance of the latter. This 1s essentially because the
fluorinated materials used are significantly rigid.

Knurling, relative to teeth, comprises grooves that are per-
pendicular to one another. Thus, teeth comprise only grooves
that are parallel to one another.

These grooves/protuberances defined by the teeth solve the
problem of ensuring torsional stability for the electric pin/
bead assembly, much better than knurling.

Another objective of the present invention 1s to provide a
method of assembly of an armoured resistor with a sealing
bead able to solve the atorementioned problem.

The present invention also relates to a method of assembly
of an armoured resistor with an end sealing element.

According to a preferred embodiment of the invention, the
armour 1s crimped corresponding to one end from which a
clectric pin projects, in order to compress said bead against
said part with high roughness.

According to another preferred embodiment of the mnven-
tion, corresponding to a thermal fuse, an electrically msulat-
ing bushing 1s present, and the bushing and the sealing bead
are contiguous, and a sealing gasket, preferably an O-ring, 1s
interposed between them.

Advantageously, according to this embodiment, the resis-
tance of the armoured resistor to moisture and to the intrusion
ol foreign bodies 1s improved.

The dependent claims describe preferred embodiments of
the mvention, forming an integral part of the present descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

Further characteristics and advantages of the invention will
become clearer from the detailed description of preferred, but
not exclusive, embodiments of an armoured resistor with an
end sealing bead, illustrated as non-limiting examples, refer-
ring to the appended drawings 1n which:

FIG. 1 shows, 1n axial section, a part of a component of an
armoured resistor according to the present invention,

FIG. 2 shows, 1n axial section, a variant of the component
in FIG. 1 of the type without a safety device,



US 9,293,283 B2

3

FIG. 3 shows, 1n axial section, a first variant of the com-
ponent 1n FIG. 2,

FIG. 4 shows, 1n axial section, another component of the
armoured resistor,

FIG. 5 shows, 1n axial section, a second variant of the
component 1n FIG. 2,

FIG. 6 shows, 1n axial section, a third variant of the com-
ponent 1n FIG. 2 including the component shown in FIG. 4,

FIG. 7 shows, 1n axial section, a complete portion of the
armoured resistor,

FIGS. 8 and 9 show, 1n axial section, a preferred embodi-
ment of the armoured resistor of FIG. 1,

FI1G. 10 shows, 1n axial section, a further preferred embodi-
ment of the armoured resistor of FIG. 1.

The same reference numbers and the same reference letters
in the figures 1dentily the same elements or components.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

Referring to FIG. 7, an example of application of the
present 1nvention comprises armour 1, preferably tube-
shaped, 1.e. with axial extension, which houses within 1t a
metal electric pin 2 partially projecting relative to an end 1' of
the armour 1, a thermal fuse 3, connected by a first conducting,
wire to said electric pin 2 and by a second conducting wire to
an internal metallic element 4 which can be connected to a
resistance wire, not shown 1n this figure.

Referring to the figures, the metal electric pin 2 has glo-
bally cylindrical symmetry defining a longitudinal extension
X, generally coinciding with the axial extension of the
armour, and comprises a first tapered part 21 of electrical and
mechanical interconnection with a respective external elec-
trical connector (not shown).

The metal electric pin 2 1s held 1n position relative to the
armour by a sealing element 5, commonly called a bead.

A second cylindrical part 22 has high roughness for the
purpose of providing a high coeflicient of friction corre-
sponding to the contact zone with the sealing bead 5. This can
therefore be interposed between the electric pin 2 and the end
1' of armour 1, 1n order to hold the metal electric pin 1n
position and in order to seal the 1nside of the armour.

A preferred sealing bead 3 has cylindrical shape, hollow
internally, and more generally has axial symmetry with an
external surface compatible with the shape of the armour and
an internal through-cavity, compatible with the shape of the
clectric pin.

Preferably, said second part 22, in contact with the bead,
comprises at least one longitudinal surface protuberance and/
or a one longitudinal groove, for example knurling continu-
ous at least in parts, 1n order to ensure static adhesion between
clectric pin and sealing bead capable of resisting torsional
stresses. In other words, even 1f a torque 1s applied to the
clectric pin, the latter does not turn relative to the bead 5.

In FIG. 5, said second part 22 comprises a first portion 22'
knurled at a first angle and a second part 22" knurled at a
second angle different from the first. According to this vari-
ant, even 11 the electric pin still has a globally symmetric
shape and 1n particular cylindrical relative to the longitudinal
extension X, locally 1t 1s asymmetric through the presence of
the teeth of the knurling.

According to the variants in FIGS. 2, 6, 7 and 8 the second
part comprises teeth with a longitudinal extension, 1.e. coin-
ciding with the longitudinal extension of the electric pin 2.

Combinations of the variants 1llustrated can be envisaged.
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When the electric pin comprises both a knurled/toothed
zone etc., and at least one circular groove 23, the latter can be
both internal and external to said knurled zone, see for
example FIGS. 2 and 3.

In the example of FIG. 6, electric pin 2 comprises two
circular grooves 23 and 23', which demarcate three separate
portions 22', 22" and 22™ of longitudinal knurling or toothing.

Advantageously, said knurling or toothing 22', 22", 22'
enables the armoured resistor to withstand a torque applied to
the electric pin of the order of 100 Ncm or more.

Meanwhile, said circular grooves 23, 23', etc. do not have
any component parallel to the axial extension of the electric
pin, but improve the adhesion of electric pin to the bead 5 for
the purpose of resisting axial stresses, for example during
connection or disconnection of the tapered end 21 1n a suit-
able external electrical connector.

According to a preferred embodiment of the mvention,
following preparation of
a electric pin 2 according to one of the examples described
above,

a sealing bead 5 made of plastic or fluorinated materials,

a tube-shaped metal armour 1,

a method of assembly of the armoured resistor envisages the
following steps:

positioning said sealing bead 5 on said electric pin, so that

this engages the internal cavity of the sealing bead 5 and
so that said second part 22 1s at least partially in contact
with the sealing bead 5
pressing/coining/rolling of said end 1' of said armour 1 and

defining a circular crimping of the same end 1n order to
compress radially said sealing bead 5;

where radially means any direction perpendicular to the axis

of symmetry of the sealing bead.

Said positioning 1s such that said sealing bead 5 also covers
at least one groove 23, when present.

The method can comprise a preliminary step of juxtaposi-
tion of electric pin 2 with the associated resistance wire in
armour 1 and a further step of filling the armour with powder
of msulating material, such as magnesium oxide, optionally
mixed or treated with silicone resins.

It 1s clear from the description of the method that the
operation of pressing/coining/rolling immduces elastoplastic
deformations in the sealing bead S which cause 1t to interpen-
ctrate 1n the interstices due to the local asymmetry of the
second part 22 of electric pin 2, including said knurling/
toothing and/or said at least one circular groove 23, 23', when
present.

In FIG. 9 1t can be seen that the bead interpenetrates, after
rolling, a circular groove 23 1n electric pin 2.

It 1s therefore preferable for said sealing bead 5 to be of
plastic material, or PTFE, PFA so that 1t deforms suitably to
adhere to said roughness.

Thus, considered together, the electric pin 2, the sealing
bead S and the end 1' of the armour 1 become one, also owing
to the synergistic effect of the conformation of said electric
pin 2 and of the permanent deformations induced in end 1' of
the armour, which 1n their turn cause the sealing bead 5 to
deform.

Said assemblage enables the armoured resistor to with-
stand a force of compression and/or tension applied to each
clectric pin equal to 100N or more, without the electric pin
moving axially relative to the armour.

According to a preferred embodiment of the invention, said
armour 1 can comprise, according to the axial section in FIG.
7, a stop tooth 11, defining the portion of the sealing bead 5
intended to be mside the armour, to facilitate the operation of
positioning of the bead 5.
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Furthermore, it 1s preferable for the magnesium oxide,
used for filling the armour and 1solating electrically the resis-
tance wire passing through 1t internally, to be mixed with
silicone material with characteristics of water repellence.

The characteristics of the electric pin 2 shown apply 1ndis-
criminately to caps intended to be connected to a thermal
tuse, see end 24 1 FIG. 6, and to caps mtended to be con-
nected directly to a resistance wire, see end 24 1 FIG. 2.

The present invention offers the possibility of beneficial
use of sealing elements 5 made of plastic or fluorinated mate-
rial.

According to another preferred embodiment of the inven-
tion, represented with the aid of FIGS. 8 and 9.

According to this preferred embodiment, 1n addition to the
sealing bead 5, there 1s a so-called bushing 7, generally made
ol plastic material. This bushing generally has the purpose of
keeping the thermal fuse coaxial with the armour. This does
not rule out other possible purposes.

According to this preferred embodiment of the imvention,
the sealing bead and the bushing are dimensioned so that they
are axially contiguous inside the armour.

According to a particular aspect of the invention, an annu-
lar gasket 8, preferably an O-ring, 1s imterposed between the
sealing bead 5 and the bushing 7.

This gasket, interacting with the sealing bead 3, the bush-
ing 7 and the armour 1, guarantees perfect sealing of the
interior of the armour, preventing the ingress of moisture that
would impair the characteristics of electrical insulation of
said armoured resistor.

In particular, FIG. 8 shows the resistor during a preferred
method of manufacture 1n which bushing 7 1s inserted 1n the
armour. Moreover, FIG. 9 shows the resistor after:

insertion of the O-ring,

insertion of the sealing bead 5

rolling/pressing/coining of the armour.

Rolling envisages a radial reduction of the armour, which
thus becomes narrower, locking 1nside 1t both the bushing 7,
which in FIG. 9 1s shown deformed, and the sealing bead 5:
the latter locking between them the O-ring in peripherally
external contact with the armour.

As can be seen from FIG. 9, 1t 1s preferable for the O-ring
to have dimensions such that 1t 1s 1n contact externally with
the armour and internally with the electric pin 2.

This effect can advantageously be amplified by compress-
ing the O-ring between the bushing and the bead.

It 1s clear what 1s meant by peripherally internal and exter-
nal, the shape of the O-ring being known and its arrangement
being clear iside the armoured resistor having cylindrical
symmetry.

This does not stop the gasket being effective even 1n the
case of resistors that do not have cylindrical symmetry, for
example as a result of pressing of the resistor, causing its
section to assume a substantially oval section.

The rolling process envisages working the armour by
means of rolls, which gradually reduce the radial dimensions,
according to a transverse section, of the armour, uniformly 1n
the radial and longitudinal direction. Coining 1s a process that
reduces the radial dimensions of the armour locally. Pressing
1s a process that involves a portion of the armour, producing a
uniform or non-uniform reduction of its radial dimensions on
a Tairly extensive region of the armour, but not on the whole
armour.

According to a further embodiment of the mvention, the
knurled/toothed part 22!, 22", etc., of electric pin 2 1s in
contact with the bushing 7, so that the latter has to perform a
mechanical function of connection of the electric pin 2 to the
armour 1, applying to this everything said previously in rela-
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tion to the sealing bead 5, for example in relation to coining or
rolling of the armour. Since the bushing 1s internal, 1t 1s not
necessary for 1t to have particular characteristics of hermetic-
ity against moisture and foreign bodies, and it can, advanta-
geously, be made of poor material. In this case, the sealing
bead 5 performs the sole task of sealing the armour and no
longer of holding the electric pin, so that, rather than being
made of expensive Tetlon, 1t can be made of more economical
s1licone material.

The elements and characteristics 1llustrated 1n the various
preferred embodiments can be combined while remaiming
within the scope of protection of the present application.

The invention claimed 1s:
1. An armoured resistor with two caps, of domestic appli-
ances, comprising
an armour having two opposite ends, one first end of said
opposite ends defining an axis of longitudinal extension
(X),

an electric pin partially projecting from said first end and
connected to said first end by an annular element with
axial symmetry comprising a through-cavity engaged by
said electric pin so that the electric pin 1s coaxial with
said axis of longitudinal extension (X),

a thermal fuse arranged internally 1n said armour and elec-

trically connected to said electric pin,
the electric pin having a portion of peripheral surface 1n
contact with the through-cavity of said annular element,

characterized in that said portion of peripheral surface
comprises knurling or toothing defining at least one
component of extension parallel to said axis of longitu-
dinal extension (X).

2. Theresistor according to claim 1, wherein said portion of
peripheral surface comprises at least one peripheral circular
groove.

3. The resistor according to claim 1, wherein said first end
of the armour 1s deformed so that said annular element 1nter-
penetrates with said peripheral surface.

4. The resistor according to claim 1, wherein said periph-
eral surface comprises only toothing with parallel extension
relative to said axis of longitudinal extension (X).

5. The resistor according to claim 1, wherein said annular
clement 1s a sealing bead.

6. The resistor according to claim 5, wherein the sealing
bead 1s made of plastic material or fluorinated material
(PTFE-PFA).

7. The resistor according to claim 5, further comprising a
bushing with axial symmetry encircling said thermal fuse
inside the armour.

8. The resistor according to claim 7, wherein said bushing
and said sealing bead are contiguous with respect to said axis
of longitudinal extension (X).

9. The resistor according to claim 8, further comprising a
gasket ol annular shape interposed between said sealing bead
and said bushing in order to encircle said electric pin.

10. The resistor according to claim 1, wherein said annular
clement 1s a bushing made of plastic matenal or fluorinated
material (PTFE-PFA) encircling said thermal fuse inside the
armour and in which said sealing element 1s made of silicone
material.

11. A Method of assembly of an armoured resistor accord-
ing to claim 1 comprising the following successive steps:

positioning said annular element on the electric pin, so that

said electric pin engages the through-cavity of the annu-
lar element and so that the portion of peripheral surface
1s at least partially in contact with said through-cavity,
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pressing/coining/rolling said first end of the armour so as to
produce a circular crimping of the first end 1n order to
compress radially said annular element.

12. The method according to claim 10, wherein said annu-
lar element 1s a sealing bead and further comprising the pre- 5
liminary steps of providing a further bushing for encircling
the thermal fuse inside the armour and of interposing an
annular gasket between said bushing and said sealing bead.

G x e Gx o
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